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Abstract: Due  to  their  exceptional  flying  maneuverability  and  simple  dynamics, 
multi rotor  systems  are  widely  used  for  various  applications.  Such  systems  vary  
overtime  due  to  external  disturbances  or  unmeasured  changes  to  which  they  are 
subjected. In this case, a simple PID controller cannot provide the desired response, 
unless   the   controller   parameters   are   re-tuned.   An   adaptive   control   
algorithm responds to this need. Moreover, to increase robustness, fractional order 
controllers are designed, being recognized for this property. Such control provides the 
entire process with good robustness and ensures good operation for major process 
changes. The present paper describes a comparison between such an algorithm and a 
classical PID applied in an adaptive scheme to a quadrotor system. 
1. Introduction  
In the last few year researchers have shown an increased interest in developing control algorithms for 
multi rotor systems, due to their multiple applications in both military and civilian domains. Such 
aerial vehicles are used in surveying objects and ground on the basis of orthographic photos to 
generate point clouds, volume calculations, digital height and 3D models; industrial inspection of 
solar parks, wind parks, power lines, engines and plants, industrial parks; bridge inspection, visual 
structure assessment and monitoring, inspection and survey of structures; aerial images and 
photography; aerial movies and videography; condition-analysis and target-analysis to document 
construction sites, structural monitoring, sound barrier and wall monitoring, excavation 
documentation, plant and wildlife preservation and conservation, or any kind of first-responder 
activities in crisis regions [1, 2]. This was the motivation for the present work: to design and 
implement a laboratory platform to simulate the operation of a quadrotor system and to perform 
experimental tests for evaluating different control strategies. There are a series of prototypes [3, 4], 
each of these having advantages and also some drawbacks. The available laboratory scaled systems 
are much too expensive and created for some particular behavior. The main challenge in the control 
of these equipments arises from their special features like strong coupling subsystems, unknown 
physical parameters, nonparametric uncertainties and external disturbances. Therefore, with the goal 
of finding the optimal solution, the researchers developed various, linear and nonlinear, control 
techniques, such as PID control, orientation by vision, sliding mode control, fuzzy logic, predictive, 
feedback linearization, adaptive control, etc. [5]. Very good results are obtained with fractional order 
controllers [6]. An application of fractional order sliding mode controller and neural networks to 
attitude control of a quadrotor is proposed in [7]. A fractional order filter with two-degrees-of-
freedom PID controller for the pitch control of an UAV is presented in [8]. A fractional order 
proportional-integral controller design for the roll-channel or lateral direction control of a fixed-wing 
unmanned aerial vehicle is presented in [9, 10] and for the pitch control of a vertical takeoff and 
landing in [11]. Fractional order sliding mode controller is presented in [12] in path tracking, with an 
adaptive correcting coefficient in mass parameter of quadrotor.  No results are reported with 
fractional order adaptive attitude control of quadrotors. 
The present paper describes the quadrotor prototype realized by our team and the designed 
fractional order adaptive control, based on the experience gained in our previous research [13-16]. 
The paper is structured in five sections. After this short introductory part, section 2 describes the 
quadcopter prototype. Section 3 discusses the proposed control strategy, while the obtained results are 
presented in Section 4. The work ends with conclusions. 
2. The quadrotor prototype 
The simplified scheme of the quadcopter is presented in Fig.1, while the prototype is in Fig.2. The 
purpose of this experimental stand is to design and simulate, on physical equipment, the performance 
of certain algorithms and control methods. That was the main criteria in choosing the dimensions and 
the components.  
 
Figure 1.   The simplified scheme of the designed quadrotor 
 Figure 2.   The prototype of the quadrotor 
The framework of the quadcopter was purchased from a specialized manufacturer, type DJI F450 
[17], having a total weight of 282g. The used rotors are DJI 2212, whit a diameter of 28mm, voltage 
of 11,1-14,8V, weight 56g. The propeller is a DJI 9450 type, having a diameter of 240mm, pitch of 
127mm and 13g weight. The battery is DJI – PTM12 [17], with a capacity of 2200 mAh and a 
nominal voltage of 11.1V, which guarantees a flight time of about 15 minutes. The main advantage of 
the battery is the 176g weight. The electronic speed control element is DJI E300 [17], with a voltage 
of 11,1 – 14,8V, 15A current, frequency of 30 – 450Hz and 30g weight. As radio control kit a Hobby 
King model was selected, with 6 channels, model HK T6A V2 [17]. As sensors, a 9-axis sensor, type 
MPU 9150 [17], was chosen, which contains an accelerometer, a gyroscope and a magnetometer. The 
control unit is an Arduino UNO development board [17]. 
3. The proposed control strategy 
For the constructed experimental quadcopter , the corresponding nonlinear mathematical model is 
established, based on general equations from [18]: 
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where (ϕ), (θ) and (ψ) represents the angular positions around the axes x, y and z; (Ui), with i=1,2,3,4 
are the rotor voltages, while (Ixx), (Iyy) and (Izz) are the inertia moments around the three axes. Due to 
the fact that the quadcopter is symmetric, both in terms of geometry and mass distribution, it can be 
stated that Ixx=Iyy. 
The proposed control structure is depicted in Fig.3. The main elements are: the identification block, 
establishing the process parameters at each sampling period, the adaptation block establishing the new 
parameters of the controller and the recursive equation of the controller with adapted coefficients. 
 
Figure 3.   The adaptive control structure. 
 
The used controller is a fractional order PID (FO-PID) controller, being recognized for their 
superiority over classical PID controllers [19]. The used form is: 
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where           are the derivative and integral order, kp, kd and ki are the proportional, derivative and 
integral gains. 
The controller tuning is based on the cost function expressed to satisfy the criteria of gain 
crossover frequency (ωgc), phase margin (φm) and iso-damping property [16]:  
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where with (HP) is the process model,       is the gain crossover frequency and (     represents the 
phase margin. Additionally, in the cost function control signal minimization is introduced. 
     xfxfxfCF n21     (8) 
where          0xfxfxfxF Tn21    is the system of nonlinear equations and 
 TdiP μλkkkx   are the controller parameters.  
The resulting nonlinear equation system is solved using a modified Particle Swarm Optimization 
(PSO) algorithm based on a technique developed by Eberhart and Kennedy [20]. 
The corresponding Simulink/Matlab® scheme for a single rotor is given in Fig.4. 
 
Figure 4.   The control structure for a single rotor in Simulink/Matlab®. 
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4. Simulation results 
In order to highlight the advantages of the proposed control strategy, a comparison between the 
results obtained with an adaptive PID controller and the fractional order adaptive controller was 
made. The classical controller was designed with approximately the same performances as the 
fractional order, but having less degree of freedom, the control signal minimization is not realized. 
In Fig.5 –Fig.8 the obtained experimental results for a square reference signal are presented. The time 
scale is expressed in number of sample times. It can be observed that both adaptive PID and adaptive 
fractional order PID controllers presents good results for pitch and yaw motion of the quadrotor. This 
is an expected result, the controllers being designed for the same performances. The main difference 
is in the control signal. Using classical PID controller in the adaptive structure the control signal 
reaches 180 units for the pitch motion and 165 for the yaw, while the fractional order controller, due 
to the additional degree of freedom, ensures a control value of 48 unit for pitch and 43 for yaw 
motion.  
 
Figure 5.   Output and control signal for pitch motion with adaptive fractional order PID controller 
 
Figure 6.   Output and control signal for yaw motion with adaptive fractional order PID controller 
 Figure 7.   Output and control signal for pitch motion with adaptive PID controller 
 
Figure 8.   Output and control signal for yaw motion with adaptive PID controller 
The next research step consisted in analyzing the performance measures in case of disturbances. 
Fig.9-Fig. 12 presents these results. Are highlighted the same good performances for both controllers, 
the fractional order one having the advantage of small control effort. 
 
Figure 9.   Output and control signal for disturbed pitch motion with adaptive fractional order PID 
controller 
 Figure 10.   Output and control signal for disturbed yaw motion with adaptive fractional order PID 
controller 
 
Figure 11.   Output and control signal for disturbed pitch motion with adaptive PID controller 
 
Figure 12.   Output and control signal for disturbed yaw motion with adaptive PID controller 
 
 
5. Conclusions 
The paper presents a designed, laboratory scale prototype for an unmanned aerial vehicle. The control 
strategy is implemented in a microcontroller in order to test real life behaviors. As control strategy an 
adaptive structure using fractional order controllers is proposed. These are designed to ensure 
robustness to gain variations and to minimize the control effort, while the adaptive structure 
eliminates the inherent disturbances between the pitch, roll and yaw motions. The effectiveness of the 
proposed adaptive fractional order control structure is investigated by experimental results. In order to 
highlight the advantages of fractional order controllers, comparison with a classical PID controller in 
the same adaptive structure is provided. 
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